ABSTRACT -Apple trees, cultivars Gala and Fuji, were sprayed at full bloom with thidiazuron (TDZ) at the doses of 0, 5, 10, or 20 g (a.i.) ha -1 and fruit were assessed for quality and maturity. In both cultivars, the increase of TDZ dose had detrimental effects on fruit quality, causing a reduction of fruit red surface and an increase of percentage of fruit that was asymmetrical and with calyx-end rot. TDZ caused an increment of calyx-end aperture that might have increased calyx-end rot. TDZ increased density and the length : diameter (L : D) ratio of the fruit. The number of viable seeds was not affected by TDZ. TDZ resulted in a substantial delay of fruit maturity in 'Gala' but not in 'Fuji'. TDZ also reduced soluble solids content (SSC) in 'Gala' and reduced titratable acidity in both cultivars. Index terms: Malus domestica Borkh., cytokinin, diphenylurea, skin color, fruit shape, calyx-end rot.
INTRODUCTION
The cytokinins are plant growth regulators with the ability to enhance plant cell division and cell expansion, as well as delay senescence (Taiz & Zeiger, 1998) . Recently, interest has been shown regarding the use of substituted phenylurea compounds, with cytokinin-like activity in plant tissues, to improve fruit set and fruit growth in temperate fruit trees (Elfving & Cline, 1993; Famiani et al., 1999; Greene, 1995) . Two synthetic substituted phenylureas, CPPU [N-(2-chloro-4-pyridyl)-N'-phenylurea] and thidiazuron (TDZ; N-phenyl-N'-1,2,3-thiadiazol-5-ylurea), show strong fruit growth promoting effect in apple, kiwifruit, grape, persimmon, and cucumber (Cruz Castillos et al., 1993; Elfving & Cline, 1993; Famiani et al., 1999; Greene, 1995; Itai et al., 1995; Iwahori et al., 1988; Reynolds et al., 1992; Schuck & Petri, 1992; Yang et al., 1992) .
TDZ promotes fruit growth but it might alter fruit shape. The chemical reduced the fruit length : diameter (L : D) ratio in cucumber (Yang et al., 1992) and kiwifruit (Famiani et al., 1999) , increased it in apple (Greene, 1995) , but had no effect in persimmon (Itai et al., 1995) . Increases in TDZ concentration and treatments closer to the full bloom increased the number of asymmetrical fruit in apple (Greene, 1995) and the number of fruit with distal protuberance in kiwifruit (Famiani et al., 1999; Schuck & Petri, 1992) .
Treatments with TDZ might affect fruit maturity and ripening. In persimmon, TDZ (100 mg L -1 ) sprayed at full bloom delayed fruit maturity. Fruit from TDZ treatment had higher flesh firmness, greener skin, and a lower glucose, fructose and total sugar content at harvest than the controls (Itai et al., 1995) . In seedless grape, the immersion of berries (5-6 mm in diameter) in a solution of TDZ at doses up to 10 mg L -1 reduced anthocynins, o Brix, and juice pH, and increased juice titratable acidity of the fruit at harvest (Reynolds et al., 1992) . In some cultivars, TDZ increased fruit weight loss and delayed the increase in o Brix and pH and the reduction of titratable acidity of fruit during storage. On the other hand, kiwifruit immersed in a solution of TDZ at dose of 20 mg L -1 fourteen days after full bloom had advanced maturity, with lower flesh firmness, lower titratable acidity and lower starch content, higher content of soluble sugars (glucose, fructose and sucrose), and higher o Brix at harvest than untreated fruit (Famiani et al., 1999) . Similar results were reported by Iwahori et al. (1988) in kiwifruit treated with CPPU. In 'McIntosh' apples, TDZ at doses between 10 and 50 mg L -1 increased flesh firmness at harvest when sprayed 22 days after full bloom but not when it was sprayed at full bloom (Greene, 1995) . In 'Double Red Delicious' apples, TDZ sprayed at full bloom, at doses between 5 and 10 mg L -1 , increased flesh firmness at harvest and after 26 weeks of regular storage. In 'Empire' apples, TDZ sprayed near the full bloom at doses up to 15 mg L -1 slightly increased flesh firmness and soluble solids concentration of the fruit at harvest.
This work was conducted to evaluate the effects of different doses of TDZ, sprayed at full bloom, on fruit attributes of quality and maturity of 'Gala' and 'Fuji' apples.
MATERIALS AND METHODS
The study was conducted in a commercial orchard in Lages, Santa Catarina State, Southern Brazil. Ten-year-old apple trees, cultivars Gala and Fuji, grafted on 'Marubakaido' rootstock, were sprayed at full bloom, in 1999, with TDZ at the doses of 0, 5, 10, or 20 g (a.i.) ha . The trees were treated with a tractormounted airblast sprayer. Spray barriers, made of polyethylene mounted on wood poles, were used to prevent spray drift between experimental plots. The experiment followed a completely randomized block design with four replicates. Each experimental unity was composed by five rows of eight plants. Only four plants in the center of the middle row had the fruit harvested. All fruit on two tagged limbs per plant were harvested at commercial maturity, selected for count 110-135 and assessed for quality and maturity.
Samples of 20 fruit per replicate were assessed for maturity at the commercial harvest, in terms of skin background color, flesh firmness, soluble solids content ( o Brix), starch pattern index, and titratable acidity. Skin background color was assessed by means of a color chart provided by ENZA New Zealand International on a scale of 1 (darkgreen) to 8 (yellow-green). Flesh firmness (N) was determined on two sides of each fruit using a hand held penetrometer (Effegi FT 327, fitted with an 11.1 mm diameter head). Soluble solids content ( o Brix) was determined with a hand refractometer on a composite juice sample collected during the pressure test. The starch pattern index (using the starch iodine test) was scored on a scale of 1 to 5, where 1 indicates the least and 6 the most starch to sugar conversion. Titratable acidity (% of malic acid) from juice composite samples of five fruits was determined by titrating to an end point of pH 8.2 with 0.1N NaOH. Samples of 20 fruit per replicate were assessed for skin permeance to water vapor as described by Amarante et al. (2001) . Another lot of 30 fruit per replicate was sampled, the length : diameter (L : D) ratio and calyx-end aperture were measured (with a caliper), fruit red surface was estimated subjectively, fruit density (kg m ; determined by the water displacement method) and asymmetry were assessed, and viable seeds counted.
Lots of 100 fruit per replicate of 'Gala' and 'Fuji' were cold stored (0.5 o C and 90-95% RH) for 4.5 and 6.0 months, respectively, and assessed for calyx-end rot, internal ring-cracking, stem-end splitting and bitter pit ten days after removal from cold storage (shelf life at 10-15 o C and 60-70% RH).
All data were subjected to statistical analysis using SAS (1990) . Percentage data were transformed to arc sin [(x+5)/100] 1/2 before being submitted to the ANOVA. The effect of TDZ dose on each attribute assessed was analyzed by orthogonal polynomial contrasts.
RESULTS AND DISCUSSION
Fruit density was increased by TDZ in both cultivars (Table 1) . TDZ by its cytokinin-like effect in promoting cells division and elongation at initial fruit development phase might reduce the intercellular space and thus increase fruit density of apples (Antognozzi et al., 1997; Famiani et al., 1999) . This might increase fresh resistance to gases resulting in a larger depletion of O 2 and/or accumulation of CO 2 in the fruit internal atmosphere. 'Fuji' is highly susceptible to internal disorders induced by high levels of CO 2 when this gas accumulates in the core region of fruit flesh at early stages of CA/MA storage (Argenta et al., 2000) . Therefore, care should be taken with 'Fuji' apples if trees have been treated with TDZ to avoid stressful internal CO 2 accumulation in the fruit under CA/ MA storage that might render it susceptible to internal disorder.
TDZ reduced the color development in the skin (Table 1) . In both cultivars, the dose of 20 g ha -1
reduced the percentage of fruit surface that was red in about 10%. This confirms results of Greene (1995) , who reported reduced red color of apples from trees sprayed near the full bloom with TDZ and CPPU at concentrations of 10 and 20 mg L -1 . Also, on seedless grapes, TDZ reduced the juice anthocyanin content (Reynolds et al., 1992) . This might have been the result of TDZ delaying fruit maturity (therefore delaying anthocyanins synthesis) or by some direct effect of TDZ on metabolic pathways leading to anthocyanins synthesis in the fruit skin. Nevertheless, the reduced red color of fruit skin at harvest caused by TDZ has a substantial negative impact on apples quality.
TDZ increased the calyx-end aperture in both cultivars, and this might have contributed to increase the incidence of calyx-end rot (Table 1) . TDZ sprayed at full bloom on apple trees reduced fruit calcium content (Amarante et al., 2002) and this might have also increased fruit susceptibility to calyx-end rot infection during fruit growth on the tree. Apples with low calcium content are more susceptible to decay (Conway et al., 1999) . The higher incidence of calyx-end rot in 'Fuji' than in 'Gala' might reflect differences in susceptibility to fungal infection and/or the differences of fruit harvesting dates between these cultivars. 'Fuji' is harvested latter than 'Gala' and, therefore, exposed to a longer period of fungal infection before harvest that might increase the incidence of calyx-end rot. In recent years, the increasing concern of apple growers in Southern Brazil with the high losses caused by calyx-end rot might reflect the intensive used of TDZ to improve fruit set.
TDZ had a substantial effect on apples shape, resulting in fruit that was asymmetrical and with a high L : D ratio (Table 1) . TDZ, by its cytokinin-like effect, affects the direction of cell division or cell expansion resulting in more elongated apples (Elfving & Cline, 1993; Greene, 1995) . The malformation in fruits treated with phenylureas seems to be the result of extremely limited mobility and redistribution of the product from the application sites, causing uneven fruit growth and misshapen (Biasi et al., 1993) . In 'Gala', the percentage of asymmetrical fruit was 4% for the control treatment and higher that 50% for TDZ at doses of 10 and 20 g ha -1 (Table 1) . In 'Fuji', the percentage of asymmetrical fruit was about 30% for the TABLE 1-Fruit quality at the commercial harvest (mean ± SE) of 'Gala' and 'Fuji' apples from trees sprayed with different doses of thidiazuron (TDZ) at full bloom. The significance of linear and quadratic relationships between doses of TDZ and fruit quality attributes were analyzed by means of polynomial orthogonal contrasts (*, ** and *** for 5, 1, and 0.1 % of significance, respectively; ns: non significant).
control treatment and increased to about 55% for TDZ at doses higher than 5 g ha -1 (Table 1 ). In apple, Greene (1995) observed fruit malformation with increases of TDZ concentration specially when treatments were made latter after full bloom (18 days after full bloom). In kiwifruit, high doses of TDZ increased the number of fruit with distal protuberance (Famiani et al., 1999; Schuck & Petri, 1992) . The asymmetry may be overcome by more uniform distribution over the fruit surface, using uniform application of small droplets or multiple sprays at low concentration of TDZ (Biasi et al., 1993) , and by avoiding treatments later after full bloom (Greene, 1995) .
The number of viable seeds per fruit was not affected by TDZ in both cultivars (Table 1) . In kiwifruit, the number of seeds per fruit was not affected by treatments with TDZ at doses of 20 mg L -1 (Famiani et al., 1999) . In 'Double Red Delicious' apples, TDZ did not affect seed count when tree were sprayed at full bloom with doses of 5 or 10 mg L -1 (Greene, 1995) . However, in 'Empire' apples, TDZ sprayed 22 days after full bloom to promote fruit thinning, at doses of 62 or 125 mg L -1 , nearly eliminated seed development (Elfving & Cline, 1993) . Nevertheless, the reduced seed count did not influence fruit shape, fruit size and fruit-fresh nutrient concentration (N, P, K, Ca, and Mg). At doses of 10 or 50 mg L -1 , TDZ reduced seed count in 'McIntosh' apples when the product was sprayed at full bloom or 22 days after full bloom; the highest concentration and latter application caused the greatest reduction of seed count (Greene, 1995) . In the present study, the lack of effect of TDZ on seed count might reflect the use of small doses of the product (doses up to 20 g ha -1
, corresponding to ∼20 mg L -1 ), and its application at full bloom. This might also indicate that 'Gala' and 'Fuji' are less prone to seed abortion by TDZ. In addition, since the experimental area had high presence of honeybees, and the weather conditions were favorable for the entomophilic pollination, this might have prevented any effect of TDZ on seed count.
Fruit maturity was strongly delayed by TDZ in 'Gala' (an early harvested cultivar) but not in 'Fuji' (a late harvested cultivar) ( Table 2 ). In 'Gala', TDZ increased the green color of the skin, soluble solids content, starch pattern index, and titratable acidity, while flesh firmness was not affected (Table 2) . In 'Fuji', TDZ increased the soluble solids content and reduced titratable acidity, while flesh firmness, starch patter index and skin background color were not affected (Table 2 ). This indicates that on early picked apple cultivars (such as 'Gala') TDZ has a more substantial effect to delay fruit maturity. This delay is expected since compounds with cytokinin-like activity are known to slow senescence, of which fruit ripening is a specialized form (Taiz & Zeiger, 1998) . TDZ and CPPU also delayed fruit maturity in grape, persimmon and apple (Greene, 1995; Itai et al., 1995; Reynolds et al., 1992) . However, in kiwifruit, TDZ and CPPU induced early ripening by increasing soluble solid content and reducing the total titratable acids and flesh firmness (Antognozzi et al., 1997; Famiani et al., 1999; Iwahori et al., 1988) . This represents a relevant difference with respect to the action of this compound in other fruits. According to Famiani et al. (1999) , there are no biochemical data to explain the effect of TDZ and CPPU on kiwifruit ripening.
Fruit sensory quality of apples at harvest was adversely affected by TDZ in both cultivars, by its effect in reducing soluble solids content and titratable acidity in 'Gala', and by reducing titratable acidity in 'Fuji' (Table 2) . Similar results of TDZ were reported for grape and persimmon (Itai et al., 1995; Reynolds et al., 1992) . The product also tended to increase average weight loss per cluster of grapes during storage (Reynolds et al., 1992) . However, our results did not show any effect of TDZ on skin permeance to water and weigh loss of apples. Despite of the effects of TDZ in reducing fruit calcium content in apples (Amarante et al., 2001) , the product did not affect the incidence of calcium deficiency disorders, such as internal ring-cracking, stem-end splitting, and bitter pit. This might be the result of very high calcium levels in the fruit for all treatments in 1999/2000. CONCLUSIONS 1) TDZ sprayed at full bloom to promote fruit set has detrimental effects on fruit quality of apples by reducing the fruit red surface and increasing the percentage of fruit that was asymmetrical and with calyx-end rot;
2) TDZ substantially delays fruit maturity on 'Gala' but not on 'Fuji' apples;
3) TDZ adversely affects fruit postharvest sensory quality of apples by reducing soluble solids content and titratable acidity in 'Gala', and by reducing titratable acidity in 'Fuji'. TABLE 2-Fruit maturity at the commercial harvest (mean ± SE) of 'Gala' and 'Fuji' apples from trees sprayed with different doses of thidiazuron (TDZ) at full bloom. The significance of linear and quadratic relationships between doses of TDZ and fruit maturity attributes were analyzed by means of polynomial orthogonal contrasts (*, ** and *** for 5, 1, and 0.1 % of significance, respectively; ns: non significant).
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